1. The isolated nuclei of the slime mould Physarum polycephalum contain an enzyme that will incorporate [adenine-3H]NAD+ into an acid-insoluble product, which is shown to be poly(ADP-ribose). 2. This incorporation has an optimum pH of 8.2 and a temperature optimum below 10°C. 3. Optimum stimulation is given by 15mM-Mg2+. 4. 2-Mercaptoethanol or dithiothreitol also stimulates the incorporation, the latter at an optimum concentration of about 1 mm. 5. Under optimum conditions the Km value for the reaction is 0.28mM at 15°C. Nicotinamide inhibits the incorporation with a K, of 5.7uM.
1. The isolated nuclei of the slime mould Physarum polycephalum contain an enzyme that will incorporate [adenine-3H]NAD+ into an acid-insoluble product, which is shown to be poly(ADP-ribose). 2. This incorporation has an optimum pH of 8.2 and a temperature optimum below 10°C. 3. Optimum stimulation is given by 15mM-Mg2+. 4. 2-Mercaptoethanol or dithiothreitol also stimulates the incorporation, the latter at an optimum concentration of about 1 mm. 5. Under optimum conditions the Km value for the reaction is 0.28mM at 15°C. Nicotinamide inhibits the incorporation with a K, of 5.7uM. 6 . Exogenous DNA stimulates the incorporation by about 100%. 7. Preincubation of the nuclei with deoxyribonuclease, but not with ribonuclease, almost completely inactivates the incorporation of NAD+. 8. The enzyme is unstable at both 00 and 15°C in the absence of dithiothreitol. The presence of dithiothreitol at a concentration of 1mM stabilizes the enzyme at both these temperatures. 9. The activity of this enzyme per nucleus was shown in three separate experiments to fall by about one-half in early S phase and then to rise to its pre-mitotic value after about 3 h, that is in late S phase. 10. The possible physiological function of this enzyme system is discussed.
The isolated nuclei of mammalian cells contain an enzyme that will incorporate the ADP-ribose group of NAD+ into an acid-insoluble product (Chambon et al., 1963 (Chambon et al., , 1966 Nishizuka et al., 1967; Reeder et al., 1967; Fujimura et al., 1967; Sugimura et al., 1967) . This acid-insoluble product is a homopolymer of repeating ADP-ribose units with the structure shown in Fig. 1 (Doly & Petek, 1966; Chambon et al., 1966; Hasegawa et al., 1967; Reeder et al., 1967) . Most of the poly(ADP-ribose) synthesized in vitro is associated with nuclear proteins (Nishizuka et al., 1968 (Nishizuka et al., , 1969 Otake et al., 1969) ; the linkage is probably covalent (Nishizuka et al., 1969) . Fractionation of rat liver nuclear proteins, containing radioactively labelled poly(ADP-ribose), into various classes has shown that the radioactivity is associated with many classes of proteins, but with the majority (about 65%) on the histone fraction (Nishizuka et al., 1968 (Nishizuka et al., , 1969 Burzio & Koide, 1971 , 1972 length of the polymer synthesized in vitro in rat liver and thymus nuclei is between 1 and 30 ADPribose units (Chambon et al., 1966; Nishizuka et al., 1969) . However, in pig lymphocytes and in mouse lymphoma nuclei the average chain length is between 5 and 8units (Lehmann et al., 1974) . A polymer containing as many as 20-30 ADP-ribose units has been purified on a large scale . The properties of poly(ADP-ribose) polymerase have been reviewed by Sugimura (1973) and by Shall (1972) .
The enzyme responsible for the formation of poly(ADP-ribose) is exclusively nuclear and is called poly(ADP-ribose) polymerase Oikawa et al., 1970) . At least 90% of the total activity is associated with the chromatin fraction (Nishizuka et al., 1969) . The polymerase has been detected in the nuclei of various rat organs as well as in a variety of tissue-culture cells, such as HeLa (Smulson et al., 1971; Hilz & Kittler, 1971) , Ehrlich ascites tumour (Hilz & Kittler, 1971) , mouse fibroblast (LS) cells , pig lymphocytes and mouse lymphoblasts (Lehmann et al., 1974) , and in the primitive nucleated organismPhysarumpolycephalum (Brightwell & Shall, 1971) . The enzyme has not been detected so far in bacteria .
The function of the polymer is not known. It has been suggested that ADP-ribosylation of nuclear proteins, especially histones, may play a regulatory role in the synthesis of DNA by affecting the template capacity of the chromatin (Burzio & Koide, 1970 , 1972 . On the other hand, Hilz & Kittler (1971) find no correlation between DNA synthesis in vivo and poly(ADP-ribose) polymerase activity in several cell systems. They suggest, on the contrary, a correlation between DNA content and poly(ADP-ribose) polymerase activity.
We describe here some properties of poly(ADPribose) polymerase in P. polycephalum; we have also measured the specific activity of this enzyme through the cell cycle in this spontaneously synchronous organism. All other reagents were of analytical grade.
Culture ofP. polycephalum
The general procedures were as described by Daniel & Baldwin (1964) . The medium was glucose (1 %, w/v) and Marmite (1 %, w/v) at pH4.6, adjusted with 1.OM-HCI. Sterilized haemin solution (0.5mg in 1 ml of 1 %, w/v, NaOH) was added aseptically to the sterile glucose-Marmite medium (1 drop/SOml of medium). Portions (2-3 ml) of 2-day-old cultures were transferred aseptically to 50ml ofsterile medium containing haemin. The flask was secured in an orbital incubator, at 26°C, and shaken in the dark. The subculturing was repeated at 2-day intervals.
Synchronous surface cultures were prepared by centrifuging 10ml of a 2-day-old shaking culture in a bench centrifuge (500g, 5min). The mould was suspended in an equal volume of sterile water. A portion (0.3 ml) ofthe micro-plasmodial suspension was placed in the centre of a Whatman no. 50 filter paper, supported on a wire grid and housed in a sterile 9cm plastic Petri dish. To prevent excessive spreading of the Physarum on the filter paper the tip of the pipette was held in contact with the paper until most of the fluid had been absorbed into the filter. The microplasmodia were incubated for 1 h in the dark at 26°C; during this time they coalesced into a single macroplasmodium. After this period, medium was carefully pipetted under the filter paper so as to prevent the formation of air bubbles. Any bubbles that became trapped were removed. It was also necessary to avoid flooding the surface of the paper. With these culturing conditions the second, post-fusion mitosis occurred approx. 16h after transfer of the macroplasmodia to the filter paper.
Determination ofmitosis
A small fragment of the growing plasmodium was excised from the periphery of the mould with a knife and placed on a microscope slide. The fragment was smeared across the surface of the slide and immediately fixed in 96% (v/v) ethanol. The slide was examined by oil-immersion, phase-contrast microscopy. The stages of mitosis are readily distinguished in these preparations (Guttes & Guttes, 1964) . The mitosis is timed from prophase.
Isolation of nuclei (Mohberg & Rusch, 1971) The isolating medium consisted of 250mM-sucrose, IOmM-MgCI2, 5OmM-Tris, 1 % (v/v) Triton X-100, adjusted to pH7.0 with HCI. About 1-3 surfacecultures were scraped from the filter paper into 50ml of the cold isolating medium. The plasmodium was homogenized for 1 min at a fast speed in an MSE model 7700 homogenizer in a lOOml glass beaker. The nuclei were centrifuged at 10OOg for 10min in an MSE Mistral 2L centrifuge at 2°C. The resulting pellet was resuspended in 50ml of cold isolating medium, homogenized for 30s and the nuclei were recovered by centrifugation (100OOgg min). The nuclear pellet was jelly-like in appearance and was usually devoid of any yellow pigment. Whole nuclei at 5h after the second post-fusion mitosis (during G2 phase) were used except where otherwise stated.
Protein and DNA determinations Protein content was determined by the method of Lowry et al. (1951) with bovine serum albumin as standard and DNA by the method of Burton (1956) with high-molecular-weight calf thymus DNA as standard. An SP. 500 spectrophotometer was used to measure extinctions.
Counting ofnuclei
After dilution in isolating medium nuclei were counted with a haemocytometer. When time-courses were used to determine enzyme activities, the sample of nuclei for counting usually came from the assay mixture remaining at the end of the assay.
Breaking ofnuclei
Isolated nuclei were suspended in a small volume of water and placed in the main chamber of an Eton press, the orifice having been sealed with tape. The chamber and contents were immersed in a solid C02-ethanol freezing mixture until the nuclear suspension was completely frozen. The piston was inserted into the main chamber and the tape removed. A pressure of about 41.37 x 106 Pa (5000lb/ in2) was applied until all the frozen nuclear suspension had been forced through the orifice. This procedure broke about 60 % ofthe total nuclei.
Poly(ADP-ribose) polymerase assay
In the initial experiments to establish optimum conditions the assay of Nishizuka et al. (1967) was used with an incubation time of 120min, but at 15°C. After optimum conditions were established the basic assay mixture contained 10mM-MgCl2, 60mM-KCI, 4mM-KF, l00mM-Tris-HCl buffer, pH8.2, and 0.38-4.43pUM-[3H]NAD+. The enzyme preparation was a suspension of whole nuclei. Further additions to this assay, along with the total assay volume, length of incubation and Vol. 147 temperature of incubation are given in the legends to the individual experiments.
The reaction was terminated with 5ml of cold 5 % (w/v) trichloroacetic acid. After being kept at 0°C for at least 30min, the acid-insoluble material was collected on Whatman GF/C glassfibre filters which were then washed with 7xlOml of cold 5% trichloroacetic acid, dried, placed in small glass flat-bottomed vials and 3 ml ofscintillation fluid was added to each vial. The scintillation fluid contained 5g of 2,5-diphenyloxazole in 700ml of toluene and 300ml of Triton X-100. The radioactivity was counted in a Beckman LS-233 liquidscintillation counter.
Fractionation ofnuclear proteins In P. polycephalum, histones can be extracted with 1 M-CaCl2, and it has been shown that this solvent gives quantitative extraction of histones and gives reproducible bands on gel electrophoresis that are quite comparable with calf thymus histones (Mohberg & Rusch, 1969; Bradbury et al., 1973) ; 1M-CaC12 has therefore been used in the present experiments.
Nuclei were incubated with [3H]NAD+ at 15°C. The nuclei were washed three times with incubating buffer and the washes were pooled with the initial supernatant. The nuclei were then extracted with 1 M-CaCI2 as described by Mohberg & Rusch (1969) . The supernatants and the CaCI2 extracts were made 5 % in trichloroacetic acid and the insoluble radioactivity in all three fractions was measured.
Determination of chain length ofpoly(ADP-ribose)
Nuclei were isolated from plasmodia 5h after the second synchronous mitosis, that is, in early G2 phase. The nuclear pellet was resuspended in 5 ml of incubating buffer (l00mM-Tris-HCI, pH8.2; 10mM-MgC92; 60mM-KCI; 4mM-KF; 5mM-dithiothreitol), and 0.20ml of [3H]NAD+ (2O0uCi) was added to start the reaction. The final concentration of NAD+ was 3AM. The solution was incubated for 1 h at 15°C, and the reaction was stopped by theaddition of0.25 ml of 2.0M-sodium acetate buffer, pH5.4, and 12.5 ml of 95 % (v/v) ethanol. This was left at -20°C overnight to ensure complete precipitation of poly(ADP-ribose). The precipitate was collected by centrifugation and washed twice in the same ethanol-acetate mixture as above. Then 0.lOml of 0.1 M-NaOH was added to the pellet and after mixing gently the sample was left at room temperature (17-20°C) for 15min, after which time the pellet had dissolved. The sample was neutralized with 0.1 M-HCI and then 1.6ml of 125mm-Tris-HCl buffer, pH8.0, containing lOmM-MgCI2 was added. The poly(ADPribose) was hydrolysed by the addition of 200,ug of purified snake venom phosphodiesterase [Boehringer Corp. (London) Ltd.] during 1 h at 25°C. After this time, 1mg of Pronase [Boehringer Corp. (London) Ltd.] was added and the sample was incubated for a further 15min. Duplicate 20Opl samples were taken for radioactivity counting before the remainder of the hydrolysate was loaded on a column
(1 cmx 28cm) of Dowex 1 (X2; Cl-form) with appropriate nucleotide markers. The conditions of elution are described in the legend to Fig. 7, which shows the pattern obtained from the 1.0M-CaC12 extract, which contains the histones.
The average chain length is given by the expression:
AMP + phosphoribosyl-AMP
AMP

Results and Discussion
The variation of enzyme activity with the concentration of the nuclear preparation was linear over the range used throughout these experiments.
Temperature
Initial experiments with the assay of Nishizuka et al. (1967) did not yield any detectable acidinsoluble radioactivity when the incubations were carried out at either 370 or 30°C. However, on lowering the assay temperature to 20°C and then to 15°C, incorporation of NAD+ into an acid-insoluble product was detected. At both 15°and 20°C there is still net synthesis of poly(ADP-ribose) even after 120min. The variation of initial reaction rates with temperature ( Figs. 2a and 2b) shows that the temperature optimum is below 10°C. In this experiment the pH of the buffer was set at 20°C. Therefore, the actual pH of the solutions will be slightly different. We may have underestimated the extent of the increase in net incorporation at lower temperatures because the initial pH at 20°C was the optimum value for maximum activity. It is possible that raising of temperature caused the activation ofproduct-or substrate-degradingenzymes to a greater extent than for the synthetic enzyme. This has been suggested as an explanation for the higher activity of the rat liver poly(ADP-ribose) polymerase at 25°C compared with 37°C (Burzio & Koide, 1970) . Two product-degrading enzymes, rat liver phosphodiesterase (Futai et al., 1967 (Futai et al., , 1968 Matsubara et al., 1970) and poly(ADP-ribose) glycohydrolase (Ueda etal., 1972; , are known to exist and it is possible that similar enzymes are present in Physarum.
In the present case then, four processes should be considered; (a) hydrolysis of the substrate NAD+, (b) the activity of the synthetic enzyme, (c) the decay of the activity of the synthetic enzyme and (d) the activity of degrading enzymes. With P. polycephalum we have ascertained that isolated nuclei did not degrade NAD+ except to form poly(ADP-ribose), and that with the conditions of the assay poly(ADP-ribose)-degrading enzymes were not active. Because the data in Fig. 2(b) were derived from true initial enzyme rates (Fig. 2a) we can put aside also the possibility that the decay of the synthetic system was responsible for the peculiar temperature-dependence. We are left, therefore, with the conclusion that the increasing initial enzyme activity at lower temperatures was a direct function of the synthetic enzyme system itself. One possible explanation of this unusual conclusion is that the enzyme system exists as a reversible equilibrium between an active and an inactive form, and that higher temperatures favour the inactive form. This explanation predicts that the apparent inactivation at higher temperatures is reversible. [3H]NAD+ (1OuCi) was present at various concentrations up to 2.5mM and the total assay volume was 2.2ml. Each point on the plot was derived from a linear time-course over 16min; the temperature was 15°C.
The assay system has a pH optimum of about 8.2. This is fairly close to the pH optimum of 8.0 in rat liver nuclei and 8.5 in LS-cell nuclei .
Substrate concentration
The variation of enzyme activity with substrate (NAD+) concentration obeyed Michaelis-Menten kinetics (Fig. 3) . A K. of 0.28±0.02mM at 15°C was calculated by the method of Cleland (1967) . The Km agrees closely with the value of 0.27mM for Ehrlich ascites-cell nuclei (Romer et al., 1968) , but is somewhat lower than the 0.85mM for rat liver nuclei (Clark et al., 1971 ) and 1.47mM for LS-cell nuclei 
MVg2+ concentration
Mg2+ ions at an optimum concentration of 15mM stimulated the activity of the enzyme by about 25 % (Fig. 4) . This stimulation was less than that observed in the rat liver system, where it is about 4.5-fold , or with the partially purified enzyme from rat liver, where it is about 6-fold (Yamada et al., 1971) . The medium used in the present study for isolating nuclei contained 10mM-Mg2+; it is possible that the chromatin binds Mg2+ by an ion-exchange process. Therefore the small stimulation caused by additional Mg2+ underestimated the enzymic requirement for Mg2+. 
Thiol requirement
The enzyme activity was enhanced by the presence of mercaptoethanol (Table 1) or by dithiothreitol (Fig. 4) . An observed also by Yamada et al. (1971) with the partially purified rat liver enzyme, and by with the enzyme of LS mouse fibroblast nuclei.
Stability
The stability ofthe enzyme system was investigated. An enzyme preparation was incubated at either O or 1 5oC in the presence or absence of 1mM-dithiothreitol and samples were removed at intervals and assayed for enzyme activity at 15°C. At both temperatures the enzyme preparation was unstable (Fig. 5) . At both temperatures the decay rates did not yield linear semi-logarithmic plots. At 0°C without dithiothreitol there was a loss of about 30% of the initial activity in the first 18h; at 150C about 50% of the initial activity was lost in 40min without dithiothreitol. However, in the presence of 1 mM-dithiothreitol the enzyme preparation was much more stable both at 00 and at 15°C; it lost its activity at about 2-3 %/h (Fig. 5) at 15°C, and lost no significant activity in 6h at 0°C. When the enzyme preparation was incubated at 15°C without 1 mM-dithiothreitol and then assayed in the presence of mM-dithiothreitol, the loss of activity previously observed (Fig. 5) in the absence of dithiothreitol was not reversed, and the preparation lost activity as shown in Fig. 5(b) , lower curve. The dithiothreitol appeared to prevent an irreversible oxidation that resulted in permanent inactivation. Exogenous 
DNA
The effect of the addition of exogenous DNA to the assay system was variable. Sometimes it caused a stimulation of enzyme activity, otherwise it had no effect. Yamada et al. (1971) , working with a partially purified preparation of the enzyme from rat liver, have shown that DNA is required for activity.
Deoxyribonuclease
Preincubation with deoxyribonuclease inhibited enzyme activity in the rat liver system (Chambon et al., 1966; Nishizuka et al., 1967) . This was true also of the P. polycephalum enzyme system, in which deoxyribonuclease but not ribonuclease inactivated the system (Table 2) .
Nicotinamide
Nicotinamide was a potent inhibitor ofthe synthesis of poly(ADP-ribose) (Fig. 6) . The K, for the system was 5.7juM. The inhibition in rat liver nuclei has a K, of 20AuM and is competitive (Clark et al., 1971) ; the inhibition is competitive in Ehrlich ascites nuclei, with a KR of 50AM (Romer et al., 1968) , and also in LS-cell nuclei, with a Kg of 14.3guM . Inhibition has also been detected in HeLa nuclei, where lOmM-nicotinamide results in a 96% loss of activity (Preiss et al., 1971) . . It has been reported that poly(ADP-ribose) is predominantly associated with histones in mnammalian systems (Otake et al., 1969; Nishizuka et al., 1968) . In both these cases the proteins of the nucleus were fractionated by the method of Steele & Busch (1963) . This process involves the extraction of histones with dilute mineral acid.
We have examined the distribution of poly(ADPribose) on nuclear proteins in P. polycephalum. We have extracted the histones with 1 M-CaCl2 Vol. 147 Non-radioactive markers were detected by E260 (0); radioactive products were measured by scintillation counting of each fraction (W). After application of the sample to a column (lcmx28cm) of Dowex 1 (X2) equilibrated with 3.5mM-HCI, the column was developed with 40ml of 3.5mM-HCI. A convex salt gradient was then started: 70ml of 3.5mM-HCl in 0.4M-NaCl in a 4.5cm-diam. reservoir was fed through a 6.5cm-diam. reservoir containing 140ml of 3.5mM-HCl to the column. The flow rate was 20ml/h and 2ml fractions were collected.
This sample was the lM-CaCl2 extract, which contains the histones.
as described in the Materials and Methods section. About 40-50% of the incorporated radioactivity was extracted with aqueous buffer; only between 15 and 20% was found in the 1 M-CaCl2 extract, which contains the histones, and about 40% of the radioactivity was left with the residual, non-histone chromatin proteins.
The average chain lengths of the poly(ADPribose) in the total nuclear preparation, in the aqueous extracts and in the 1 M-CaCl2 extracts were estimated. The separation of phosphoribosyl-AMP and AMP on Dowex 1 (X2; Cl-form) chromatography is shown in Fig. 7 . The average chain lengths of the different fractions are shown in Table 3 , and are approximately the same in all three fractions. The overall average chain length is somewhat shorter than that reported for rat liver nuclei . In that case, however, the value of about 30 units is that obtained from purified poly(ADPribose). The purification procedure involves an ethanol-precipitation step (Nygaard et al., 1960; Sachsenmaier, 1964; Braun et al., 1965; Solao & Shall, 1971) . Finally, the rate of total RNA synthesis shows a somewhat unusual pattern in this organism (Mittermayer et al., 1964 The above experiments were performed by measuring the product formed during 12min. This method may not take adequate account of the well-established observations that the kinetics of incorporation of NAD+ may not be linear . This problem was overcome by measuring the initial rates of the enzyme reaction by the method of . The results in Table 4 clearly confirm the fluctuation in enzyme activity in isolated P. polycephalum nuclei during the cell cycle.
Physiological function ofpoly (ADP-ribose) Our observations are consistent with earlier observations. Haines et al. (1969) observed that in different classes of rat liver nuclei isolated by zonal centrifugation in a sucrose gradient, those nuclei that were actively synthesizing DNA showed the lowest specific activity of poly(ADP-ribose) polymerase, whereas those nuclei not synthesizing DNA, but making RNA, had a higher specific activity of this enzyme. Miwa et al. (1973) with an average grain count of 69 grains/nucleus. In the mitotic and late S phases, only 5 and 12% respectively of the cells were labelled. There was a second peak of incorporation in the GI phase, in which 31 % of the cells were labelled. In telophase, silver grains were localized exclusively over the cytoplasm and no grains over the nucleus, whereas the grains were localized only over the nuclei in the Gl and G2 phases. Smulson et al. (1971) , using HeLa cells synchronized with a double thymidine block, observed that the specific activity in early and late S phase was lower than at mitosis or in GI phase; the NAD+ concentration was 1.72jum and incubation was at 37°C for 30min. Subsequently they (Roberts et al., 1973) repeated this experiment with HeLa cells. This time the cells were synchronized by methotrexate block, which was reversed by 5,uM-thymidine at the commencement of the experiment. Nuclei were prepared 4, 10 and 17h after growth in thymidine and the activity of poly(ADP-ribose) polymerase was measured by incubation at 25°C for 15min. Roberts et al. (1973) observed a linear decrease in activity; the first point in mid-S phase was higher than in G2 phase, and that was higher than in GI phase. It is not certain whether the presence of thymidine, which is a potent inhibitor of the enzyme, affected the results in any way. The discrepancy between this work on HeLa cells and the observations on rat liver, transformed lung cells and P. polycephalum is not explicable at this time.
There appears to be strong suggestive evidence for a negative correlation between poly(ADP-ribose) polymerase activity and DNA synthesis. Burzio & Koide (1970 , 1972 have reported experiments that suggest that ADP-ribosylation of chromatin proteins may have the end result of decreasing the suitability of the chromatin as a template for DNA synthesis.
At the same time there is evidence that poly(ADPribose) is associated with DNA biosynthesis. Colyer et al. (1973) demonstrated the presence of poly(ADP-ribose) itself in hydroxyurea-synchronized mouse L cells and they measured the synthesis of the polymer. They concluded that the polymer is synthesized predominantly in two short-lived bursts in the S phase of the cell cycle. They also observed that inhibition of polymer synthesis by 20mM-nicotinamide during the S phase inhibited the rate of DNA replication after the time of poly(ADP-ribose) synthesis. Lehmann et al. (1974) measured the poly(ADPribose) polymerase activity in isolated nuclei from resting and growing pig lymphocytes, and from rapidly growing L5178Y mouse lymphoma cells. The activity was higher in cells with higher growth rates. Thus stimulation of pig lymphocytes with phytohaemagglutinin resulted in a 2.9-fold increase in enzyme activity. Most of this increase in activity occurred during the S phase. Stone & Shall (1974) measured the specific activity of poly(ADP-ribose) polymerase in isolated nuclei of mouse fibroblast cells (LS cells) throughout the growth cycle. The activity of this enzyme increased approximately threefold during the exponential phase of the cell population growth. The specific enzyme activity is at a minimum at about 12h after subculturing. A wave of DNA biosynthesis starts at this time. The specific enzyme activity is highest when the cells are in late exponential or early stationary phase; during this period DNA synthesis in mouse LS cells decreases to about 0.1 % ofthe maximum rate, which is at about 24h.
In comparing cell-cycle and growth-cycle observations, we would emphasize that the two biological phenomena are not identical. The cell cycle is a pseudo-steady state, whereas the experiments with the growth cycle essentially involve a transition from one physiological state to another. The apparent contradictions may not turn out to be real.
In conclusion, we would observe that a priori poly(ADP-ribose) and its polymerase may be involved in the regulation of DNA synthesis or of RNA synthesis, in the structure of interphase, dispersed chromatin or in the structure of condensed chromosomes at cell division. We have previously suggested that the enzymes of nuclear NAD metabolism directly integrate NAD and cellular energy metabolism with DNA biosynthesis both in progression through a single cell generation and in modulation of growth rates. In particular, we suggested that the poly(ADP-ribose) may function by regulating the initiation of succeeding sets of replicons (Solao & Shall, 1971; Shall, 1972) . These are still reasonable hypotheses. 
